Abstract-A dual-band aperture-coupled CP microstrip patch antenna is presented. It contains only one radiator and one cross-slot. The vertical and the horizontal slot are of equal length which is about 1.0 to 1.5 times the side-length of a square microstrip patch antenna. It is found that the current on the patch flows sequentially in +y, +x, -y, and -x directions on the lower band (centered at 2.55 GHz) and flows along the four diagonal directions of the patch on the upper band (centered at 3.7 GHz).
I. INTRODUCTION
N a two-layer aperture-coupled microstrip antenna, the feeding strip is etched on one side of a substrate and the aperture is on the opposite ground-side. As there is no direct contact from the feeding strip to the radiator, tuning the input impedance has little effect on the radiation pattern of the antenna. To generate a circularly polarized wave, the aperture could be a cross-slot through which a hybrid feed composed of several meandered strips can couple energy to the radiator. The hybrid feed [1] is intended to simulate a sequential rotation effect to increase the axial-ratio bandwidth. It is equivalent to realize the 0 o -90 o -180 o -270 o phasing network [2] . To our best knowledge, the CP wave so generated can only be operated on one band. To generate CP waves on dual-band by the aperture-coupled method, two radiators in associated with two phasing networks [3] or two hybrid feeds [4] are required. In this letter, we found that it is possible make a dual-band CP antenna using only one radiator in associated with one hybrid feed.
II. ANALYSIS Fig. 1 shows the proposed structure of a dual-band CP patch antenna. The strip line on the bottom-side of the FR4 substrate is meandered and there is a cross slot on the top-side of the substrate. The side-length of the square patch is the same as that in [1] , i.e. R=4.5 cm. The patch is aperture coupled through a cross-slot. However, the length of L can be made much longer than that in [1] to prepare for the dual-band CP operation.
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Y.J. Peng is with E.E. Department, Tatung University, Taipei, Taiwan, (e-mail: pigponpon@hotmail.com). Fig. 1 The proposed dual-band CP antenna Fig. 2 shows the simulated return-loss response of the antenna by varying the length of L It is expected that with a shorter length of L=25 mm, the resonant frequency at the higher-band is only weakly excited. However, two bands can clearly be excited with a longer length of L. In Fig. 3 , it is further shown that two CP waves can be excited with L=68 mm and L=48 mm. The two CP waves are centered at 2.55 GHz and 3.7 GHz with L= 68 mm and are centered at 2.6 GHz and 4.0 GHz with L=48 mm. With a shorter length of L=25 mm, the axial-ratio values are larger than 15 for frequencies higher than 3 GHz. The bore-sight gain of the antenna is shown in Fig.4 . The gain is below 0 dBi on the higher-band with a shorter L. Therefore, the gain on the higher-band for L=25 mm is not displayed within the scale. In Fig.4 , it is also shown that the gain at the higher-band has a reasonable value while L is increased. Fig. 4 Bore-sight gain of the antenna by varying L Judging from Fig. 2, 3 and 4 , it is concluded that all the impedance match, the CP characteristics, and the bore-sight gain of the antenna are improved on the higher band. The antenna, therefore, can be operated as a dual-band CP antenna.
The current density distributions at 2.55 GHz and 3.7 GHz on the patch are, respectively shown in Fig.5 and 6 . The magnitude of the vector arrows in both Fig.5 and 6 are drawn in dB-scale. At 2.55 GHz, the current rotates sequentially in the +y, +x, -y, and -x directions. To emphasize more clearly on the main current flow directions at 3.7 GHz, the magnitude of the vectors in Fig.6 are redrawn in Fig.7 using the linear scale. It is concluded that a left-hand CP wave in the bore-sight direction can be formed. to the open end is 9.3 mm, and we also have ab=14.1mm, bc=cd=18.7 mm, and de=13 mm. The widths of the microstrip and the slot are both 1.5 mm. The patch is made by a piece of copper foil and is attached to a piece of projection paper. Other parameters include R=45 mm, L=68 mm, and H1=7.5 mm. The simulated and measured results for return-loss and axial-ratio are, respectively, shown in Fig.8 and  9 . The dual CP operations of the antenna are confirmed. Fig. 7 The current distribution on the patch at 3.7 GHz with the magnitude of the vectors drawn in linear scale 
IV. CONCLUSION
The cross-slot coupled microstrip antenna is re-examed. With a longer cross-slot, a second CP wave is observed with the net current distributed along two diagonal directions. The current pattern related to the second CP wave looks like the current pattern of a corner-fed patch. Therefore, the center-frequency ratio between the two CP bands is close to 1.414. The measured ratio is 1.45.
